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ABSTRACT 
Spec t r a l  data ga thered  by the A V I R I S  from wetlands 
i n  t h e  Suisun Bay area of C a l i f o r n i a  on 13 October 1987 
were analyzed. Spectra r ep resen t ing  s t a n d s  of  numerous 
vege ta t ion  t y p e s  ( i n c l u d i n g  Sesuvium verrucosum, Sc i rpus  
a c u t u s  and Sc i rpus  c a l i f o r n i c u s ,  Xanthium strumarium, 
Cynadon dac ty lon ,  and D i s t i c h l i s  spicata)  and s o i l  were 
i so l a t ed .  Despi te  some d e f e c t s  i n  the  d a t a ,  i t  was 
poss ib l e  t o  d e t e c t  vege ta t ion  f e a t u r e s  such  a s  
d i f f e r e n c e s  i n  the  l o c a t i o n  of t he  ch lorophyl l  r e d  
absorpt ion maximum. Also,  d i f f e r e n c e s  i n  cover t y p e  
s p e c t r a  were ev ident  i n  o t h e r  spectral  reg ions .  I t  was 
no t  poss ib le  t o  determine i f  t he  observed features 
represent  n o i s e ,  v a r i a b i l i t y  i n  canopy a r c h i t e c t u r e ,  o r  
chemical c o n s t i t u e n t s  of  leaves. 
INTRODUCTION 
Gross e t  a l .  (1987) analyzed 0.8-1.6pm ( 1 1  September 1986) AIS-2 
d a t a  of Suisun Bay, C A ,  wet lands vege ta t ion  and could not  i d e n t i f y  any 
narrow-waveband d i f f e r e n c e s  between vege ta t ion  types ,  a l though there were 
broad-band d i f f e r e n c e s  i n  b r igh tness .  The o b j e c t i v e  of t h i s  s tudy is t o  
compare A V I R I S  s p e c t r a  of va r ious  wetland vege ta t ion  t y p e s  from the same 
a r e a  t o  determine how they d i f f e r  and how these f e a t u r e s  re la te  t o  o t h e r  
land cover t y p e s  such as s o i l .  Ul t imate ly ,  we hope t o  use imaging 
spectrometry t o  d i s t i n g u i s h  vege ta t ion  by s p e c i e s  ( o r  t y p e )  and t o  measure 
k e y  chemical c o n s t i t u e n t s ,  such as ch lo rophy l l ,  c e l l u l o s e ,  l i g n i n ,  and 
n i t rogen .  
DATA A C Q U I S I T I O N  AND ANALYSIS 
One f l i g h t l i n e  of A V I R I S  data was acqui red  over  wetland p o r t i o n s  of 
Gr i zz ly  I s l and  and Jo ice  I s l a n d  i n  Suisun Marsh (F igu re  1 )  on 13 October 
1987. 
(17% overlap) .  
wetlands that  are managed t o  opt imize  waterfowl hab i t a t ,  such tha t  t i d a l  
f looding  and s a l i n i t y  are c o n t r o l l e d ,  t h u s  caus ing  vege ta t ion  d i s t r i b u t i o n  
and condi t ion t o  d i f f e r  between ponds. A t  the  time of  data a c q u i s i t i o n ,  
lack of r a i n f a l l  had r e s u l t e d  i n  senescence of  most of t h e  vege ta t ion .  
I n  comparison w i t h  s i t e  cond i t ions  a t  t he  time of  AIS-2 data a c q u i s i t i o n ,  
more vege ta t ion  was i n  a senescent  cond i t ion ,  and more areas had been 
r e c e n t l y  f looded ( s t a r t i n g  i n  September). 
The f l i g h t l i n e  was about  10.5km wide, composed of 614 20m p i x e l s  
The area wi th in  the f l i g h t l i n e  is dominated by leveed 
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Figure  1 .  Location of Suisun Marsh 
(area w i t h i n  t h i c k  s o l i d  l i n e )  
The data were rad iomet r i ca l ly  co r rec t ed  and l i n e  drop-outs were 
removed by averaging a t  J P L .  Data were analyzed us ing  t h e  A V I R I S  vers ion  
of  SPAM (Spec t r a l  Analysis  Manager) sof tware  a t  JPL .  Informat ion  on land 
cover types /uses  and vege ta t ion  d i a t r i b u t i o n  was provided by low a l t i t u d e  
a i r c r a f t  photography. and high a l t i t u d e  photographs flown a t  the time of 
AIS-2 data a c q u i s i t i o n .  Because the  dominant species of vege ta t ion  are  
pe renn ia l s  and o f t e n  grow i n  monotypic s t a n d s ,  vege ta t ion  d i s t r i b u t i o n  
does not  change s u b s t a n t i a l l y  over a one year per iod.  
RESULTS 
Data q u a l i t y  was gene ra l ly  bet ter  than that  of AIS-1 and AIS-2 data. 
Data defects wi th  eas i ly  d e t e c t a b l e  e f f e c t s  included numerous l i n e  drop- 
o u t s ,  sudden changes i n  apparent  scene b r igh tness ,  low s i g n a l / n o i s e  r a t i o  
i n  Spectrometer D ,  and f i x e d  p a t t e r n  no i se  ( p a r t i c u l a r l y  ev iden t  i n  
Spectrometers  A and B ) .  I n  add i t ion ,  some h o r i z o n t a l  s t r i p i n g  was evident  
(i.e.,  ad jacen t  rows d i f f e r e d  i n  b r i g h t n e s s ) .  F igure  2 shows band 68, or 
1.06pm ( fo l lowing  r ad iomet r i c  r e c t i f i c a t i o n ) .  Water and f looded areas 
appear d a r k ,  and dense vege ta t ion  appears  b r i g h t .  The f i x e d  p a t t e r n  no i se  
is evident  a t  the  top  o f  t h e  f i g u r e  as wavy bands o r i e n t e d  d iagonal ly .  A 
sudden change i n  apparent  scene b r igh tness  is ev iden t  near  t h e  bottom’of 
t he  image. 
To derive s p e c t r a  of  var ious  cover t y p e s  i n  the  image, t he  mean 
spectrum of 1x1 t o  5x5 p i x e l  samples (N=4-10) o f  d i s t i n c t  vege ta t ion  types  
or  s o i l  was computed and considered t o  r ep resen t  the  s p e c t r a l  response of 
t h e  cover  type.  D i s t i n c t  cover types i d e n t i f i e d  included green Sesuvium 
verrucosum ( p u r s l a n e ) ,  senesc ing  Xanthium strumarium (cock lebur ) ,  senescing 
Cynadon dac ty lon  (bermudagrass),  senesc ing  D i s t i c h l i s  s p i c a t a  ( s a l t g r a s s ) ,  
( s a l t g r a s s ) , s e n e s c i n g  Sc i rpus  acutus  and S. c a l i f o r n i c u s  ( t u l e s ) ,  a 
senesc ing  mixture  of t h e  above vegetation-types p l u s  a few o t h e r s ,  senescent  
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Figure 2. Band 68 (1.06um) after r ad iomet r i c  r e c t i f i c a t i o n .  
mowed tules, senescent  unmowed t u l e s  and Typha ( c a t t a i l s ) ,  a f looded  area 
of senescing Sc i rpus  paludosus ( a l k a l i  b u l r u s h ) ,  a s p a r s e l y  vege ta t ed  
area, two s o i l  areas, and water. These s p e c t r a  were s t o r e d  i n  a l i b r a r y .  
To better d i s t i n g u i s h  vege ta t ion  spectral  f e a t u r e s  from atmospheric  
f e a t u r e s ,  a l l  vege ta t ion  spectra and one of  the s o i l  s p e c t r a  were 
mul t ip l i ed  by 50 and then d iv ided  by t h e  o t h e r  s o i l  spectrum us ing  the 
FUNCTION program ( t h e  s p e c t r a l  response of  the  s o i l  was assumed t o  
approximate that  of a f l a t  f i e l d ) .  
Spec t ra  were d isp layed  i n  both normal iza t ion  modes (area and 
ampli tude) .  Spec t r a  were compared w i t h i n  f i v e  groups of wavebands 
separa ted  by atmospheric absorp t ion  features: 0.45-0.90pm, 0.98-1.11pm, 
1.15-1.35pm, 1.49-1.72pm, and 1.97-2.35pm. Because of the poor s i g n a l /  
no i se  r a t i o  f o r  Spectrometer D,.and p o s s i b l e  10s.s of  f e a t u r e s  f o r  those 
wavebands r e s u l t i n g  from data compression ( t o  achieve  a range of 0 t o  255 
D N ) ,  we chose not  t o  ana lyze  the  r eg ion  between 1.97 and 2 . 3 5 ~ .  
As expected,  t h e  vege ta t ion  s p e c t r a  were d i s t i n c t  from the s o i l  
spectrum by having h igher  r e f l e c t a n c e  i n  t he  near - inf ra red  r e l a t i v e  t o  
the v i s i b l e  region.  I n  a d d i t i o n ,  there were some o t h e r  d i f f e r e n c e s  between 
vegeta t ion  and s o i l  s p e c t r a  ( f o r  example, vege ta t ion  had abso rp t ion  
f e a t u r e s  a t  0.80, 0.82, 0.84pm, a s t e e p e r  s l o p e  between 1.01pm and 1.02pm, 
a r e f l ec t ance .peak  a t  1.18pm r e l a t i v e  t o  s o i l ,  and abso rp t ion  f e a t u r e s  a t  
1.31pm, 1.51pm, 1.55pm, and 1.62pm). 
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Green vege ta t ion  exhib i ted  an abso rp t ion  maximum a t  0 . 6 8 ~ ~ 1 ,  whereas 
the abso rp t ion  maximum occurred a t  0.67pm f o r  senesc ing  vegeta t ion .  
Comparison of vege ta t ion  spec t ra  w i t h  each o t h e r  revea led  several o the r  
wavelengths a t  which there was cons iderable  v a r i a b i l i t y  i n  e i ther  s l o p e  
o r  amplitude of s i g n a l .  These included 0.76-0.77pm, 0.80-0.84pm, 1.04- 
1.09pm, 1.29-1.33p1, 1.50-1.52pm, and 1.57-1.65pm. The Xanthium spectrum 
d i f f e red  t h e  most from t h e  other  s p e c t r a .  Its no tab le  features included 
absorption maxima a t  0.87, 
showed increased  r e f l e c t a n c e ,  smaller peaks a t  1.29 and 1.56pm than the  
o t h e r  spectra, and t h e  lack of an abso rp t ion  f e a t u r e  a t  1.62pm tha t  was 
s p e c t r a  are ev iden t  i n  F igure  3. 
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F igure  3, Spec t ra  of four  vege ta t ion  t y p e s ,  shown between 1.49-1.72pm. ...... = Cynadon, - = Xanthium, - - - - = Sesuvium, and 
- - - = mixture of wetland vege ta t ion  types.  
Numerous unsupervised c l a s s i f i c a t i o n s  of t he  image were performed 
us ing  t h e  CLUSTER a lgor i thm for  va r ious  p o r t i o n s  of t h e  spectral  r eg ion  
sampled by t h e  AVIRIS. Results were gene ra l ly  no t  s a t i s f a c t o r y .  Most 
images were " sa l t  and pepperII-like i n  appearance. Manual and automatic  
merging of  classes d i d  not  result i n  s u b s t a n t i a l  improvement. 
when used i n  the  "areaf1 mode, a s s igns  p i x e l s  t o  classes based on user- 
specif ied s p e c t r a  (somewhat analogous t o  a superv ised  c l a s s i f i c a t i o n ) .  
The d i s t r i b u t i o n  of cover types  ass igned  by the a lgor i thm corresponded 
reasonably  well t o  the  a c t u a l  d i s t r i b u t i o n  when based s o l e l y  on s p e c t r a l  
characterist ics i n  narrow regions of  the spectrum. Tes ted  separately,  
these included 0.67-0.72pm (Figure 4 1 ,  0.74-0.88pm, 1.49-1.72~1,  1.57- 
1.61pm, and 1.58-1.64gm. I n  F i g u r e  4 ,  t he  sudden apparent  change i n  scene 
b r i g h t n e s s  is evident  i n  columns 2-6, and the f i x e d  p a t t e r n  no i se ,  i n  
column 6. 
Somewhat better r e s u l t s  were obtained us ing  M I X T U R E ,  a program that ,  
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Another program t h a t  created accurate output  was FIND. T h i s  program 
l o c a t e 3  a l l  p i x e l s  matching a user-def ined spectrum wi th in  user-suppl ied 
al lowable d e v i a t i o n s  i n  s l o p e  and ampl i tude .  The procedure can be repea ted  
f o r  s eve ra l  s p e c t r a  i n  one image. I n  c o n t r a s t  t o  M I X T U R E ,  FIND works on 
only one spectrum a t  a time ( i .e . ,  it does no t  compare a l l  spectral  classes 
w i t h  each o t h e r  and a s s i g n  p i x e l s  t o  t h e  most l i k e l y  c l a s s ) .  
accura te ly  loca t ed  a l l  Sesuvium and o t h e r  l u s h  green p i x e l s ~ b a s e d  on t h e  
0.67-0.72pm s p e c t r a l  va lues .  When s p e c t r a  from several cover t y p e s  were 
suppl ied ,  reasonably  a c c u r a t e  r e s u l t s  f o r  t h i s  spectral  r eg ion  were 
obtained,  af ter  some manipulat ion of a l lowable  spectral  dev ia t ions .  
Likewise, r e s u l t s  were s a t i s f a c t o r y  when s p e c t r a  from four  s p e c t r a l  r e g i o n s  
(0.67-0.68, 0.74-0.76, 1.50-1.52, and 1.56-1.58pm) o f  s i x  cover types  
were used as input .  Other s p e c t r a l  r eg ions  were no t  tested.  
FIND 
Figure 4. Resu l t s  of  MIXTURE a n a l y s i s ,  us ing  f o u r  s p e c t r a  
( senescent  vege ta t ion  [column 23, f looded  senesc ing  
S. - paludosus [column 31, g r e e n  S. verrucosum [column 4 1 ,  
and sparse senescent  vegeFat ion [column 51 1. 
Column 1 is t h e  raw image (0.67um), and column 6 is t h e  r e s i d u a l ,  
or p i x e l s  whose s p e c t r a  do no t  match any of the  fou r  s p e c t r a .  
I n  t h i s  case, t h e  r e s i d u a l  p i x e l s  correspond t o  Water. 
DISCUSSION 
Our results sugges t  tha t ,  d e s p i t e  cons ide rab le  no i se  i n  the data, 
the  s p e c t r a l  r e s o l u t i o n  is s u f f i c i e n t  t o  detect  d i f f e r e n c e s  i n  the p o s i t i o n  
of chlorophyl l  abso rp t ion  maxima. 
which the ampli tude and s l o p e  of the  s p e c t r a l  response of v a r i o u s  
vege ta t ion  t y p e s  are s u f f i c i e n t l y  d i f f e r e n t  t o  enab le  them t o  be 
Also, there may be narrow s p e c t r a l  r eg ions  between 0.4-1.72pm f o r  
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d i s t ingu i shed .  These inc lude  the 0.76-0.77, 0.80-0.84, 1.04-1.09, 
1.29-1.33, 1.50-1.52, and 1.57-1.65pm areas. Recent a t t e n t i o n  has been 
focused on the  a b i l i t y  t o  remotely sense  canopy chemical c o n s t i t u e n t s  
based on their  abso rp t ion  fea tures .  Pe te rson  e t  a l .  (19881, Norris e t  a l .  
(19761, and Burd ick  e t  a l .  (1981) r e p o r t  s i g n i f i c a n t  c o r r e l a t i o n s  between 
the  concen t r a t ion  of chemical c o n s t i t u e n t s  and r e f l e c t a n c e  a t  va r ious  
wavelengths,  p r i n c i p a l l y  between 1.55-1.75pm and between 1.95-2.35~~1.  The 
from s tudy  t o  s tudy  and t o  depend on whether the raw spectra, first 
d e r i v a t i v e ,  second d e r i v a t i v e ,  or some o t h e r  t r ans fo rma t ion  is being used. 
i n  s p e c t r a  may re f lec t  v a r i a t i o n s  i n  canopy a r c h i t e c t u r e  ( i n c l u d i n g  the 
in f luence  of s o i l ) ,  t he  concent ra t ion  of major chemical c o n s t i t u e n t s ,  o r  
some combination of these  f ac to r s .  We d i d  no t  have the r e sources  t o  
chemically analyze vege ta t ion  samples, so we can only specu la t e  about  the  
s i g n i f i c a n c e  of these s p e c t r a l  f ea tu re s .  Because of t h e  data q u a l i t y  
problems mentioned above and our d i v i s i o n  of  vege ta t ion  s p e c t r a  by a so i l  
spectrum, i t  i e  l i k e l y  t h a t  some apparent  s p e c t r a l  f e a t u r e s  were n o t  real. 
However, we t r ied t o  minimize t h i s  p o s s i b i d i t y  by sampling, f o r  each 
spectrum, a l a r g e  number of  p i x e l s  scattered throughout t h e  image. 
measurements of t he  vege ta t ion  on the  ground, and measuring t h e  
concen t r a t ion  of chemical c o n s t i t u e n t s  i n  t h e  vege ta t ion  t o  understand 
the f e a t u r e s  i n  the s p e c t r a  sensed by the A V I R I S .  I n i t i a l  s t u d i e s  could 
focus  on determining what c o n s t i t u e n t s  i n f luence  r e f l e c t a n c e  a t  0.76- 
0.77pm, 0.80-0.84pm, 1.04-1.09prn, 1.29-1.33pm, 1.50-1.52pm, and 1.57- 
1.65pm. 
s p e c i f i c  wa.felerIgt~l,3 .ds-***l e-- A & - - & # - -  LL-- . G L u A  L~~ ~ C ~ C G L A L I ~  I , I I ~ S ~ S  c o n s t i t u e n t s  seem t o  vary  
n.,- r.r\-..ie i n r l i A - e i n -  ek.. --_..-..-- 
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Future  research e f f o r t s  should be directed towards ob ta in ing  s p e c t r a l  
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